Introduction
Rheumatoid arthritis (RA) is characterised by inflammation of the synovial membrane, leading to invasion of synovial tissue into the adjacent cartilage matrix with degradation of articular cartilage and bone as a consequence. This results in bone erosion, which is often observed as marginal joint erosions radiographically and is predictive of a poor prognosis [1] . The course of RA varies greatly, from a mild disease to a severe destructive variant that progress rapidly over a few years. Orthopaedic procedures can substantially improve the overall function and quality of life for RA patients [2] . Though excellent clinical results have been reported for total hip arthroplasty (THA) in RA patients, the effects of RA disease activity on hip function after THA remain unknown. The disease activity score including 28 joints (DAS28) [3] , the simplified disease activity index (SDAI) [4] and the clinical disease activity index (CDAI) [5] were developed in order to provide a quantifiable measure of rheumatoid arthritis (RA) activity. Inflamed hip joints greatly impact activities of daily living (ADL) and walking ability, however the hip joint was not included in the DAS28, SDAI and CDAI assessments.
This analysis aimed to assess correlations in RA disease activity and the JOA hip score after THA in patients with established RA. We analysed the JOA hip score as a measure of hip function to determine whether improved hip function contributed to a decrease in RA disease activity score after THA.
Patients and methods
We retrospectively reviewed 33 THA procedures from 25 RA patients who were followed up for more than one year in the Department of Orthopaedic Surgery at Mie University Hospital between 1997 and 2010. Each had a hip function assessment and a RA disease activity assessment on the same day.
The mean patient age was 65.17 years (range, 38-84 years) ( Table 1 ). There were three male (five hips) and 22 female patients (28 hips) included in the study. Patients were followed up for a mean of 5.24 years (range, 1.5-19). All patients were Japanese and fulfilled the 1987 revised American College of Rheumatology criteria for RA [6] .
Clinical hip function outcomes were evaluated using the Japanese Orthopaedic Association (JOA) hip score [7] . The JOA hip score consists of four subcategories: pain (Pain) (up to 40 points), range of motion (ROM), ability to walk (Walk), and activities of daily living (ADL) (each up to 20 points). A perfect JOA hip score is 100 and the worst score is 0. To focus on functional ability, we also evaluated the sum scores (Walk and ADL) where a perfect score was 40, and the worst score was 0.
The mean duration of disease after RA diagnosis was 19.47 years (range two-47 years) ( Table 1) . Predonisolone was used to treat RA in 16 patients, methotrexate was used in 15 patients, other oral DMARDs (disease modifying antirheumatic drugs) were used in 11 patients, and bioagents were used in 12 patients (nine etanercept and three tocilizumab). The RA disease progression was assessed with Steinbrocker radiographic stages. Four patients (four THA) were in stage II, four patients (six THA) were in stage III, and 17 patients (23 THA) were in stage IV. More than half of the patients had advanced to Steinbrocker radiographic stage IV. Fifteen patients (21 joints) were treated with additional or exchange pharmacological agents due to poor control during the follow-up period after THA. Though the patients with additional or exchange pharmacological agents were treated more, the disease activity tended to be high, but not significant compared with those of the same pharmacological agents (Table 2) .
RA disease activity was assessed by DAS28, SDAI, CDAI and the modified health assessment questionnaire (MHAQ) [8] . The health assessment questionnaire (HAQ) and its modified version, the MHAQ, quantify disability in activities of daily living (ADL) in patients with rheumatoid arthritis. The following were recorded for each patient: tender joints count (TJC), swollen joints count (SJC), patient global assessment (PGA), physician global assessment (PhGA), ESR and CRP. The following formulae were used to calculate the DAS28, SDAI and CDAI, respectively: (1) DAS28-ESR ¼ 0:56 p TJC þ 0:28 p 
where SJC and TJC are the respective counts for 28 joints.
Informed consent was obtained from each patient, and the study received approval from the local ethics committee.
Statistical analysis
Data were presented as the percentage of the mean ± standard deviation (SD). Data analyses were performed using Stat View 5.0 for Windows. Correlations between JOA score and RA disease activity assessment were analysed using Spearman's test. P values≤0.05 were considered statistically significant.
Results
RA disease activity and hip function scores at final follow-up are shown in Table 3 ). We found significant negative correlations between JOA hip score and all disease activity assessments in RA patients treated with THA (Table 3 , Fig. 1a-e) .
Next, we evaluated correlations between RA disease activity assessment and four subcategories of the JOA hip score (Table 3) However, the pain score and the ROM score were also not correlated with RA disease activity.
We investigated RA disease activity between high (more than average) and low (below average) JOA hip score patients at final follow-up. The mean RA disease activity score was significantly lower in the more than average JOA hip score group than in the below average group (Table 4) .
In addition, we evaluated correlations between RA disease activity assessment and the JOA hip score. There were There was no significant RA disease activity between the patients treated with additional or exchange pharmacological agents and the patients with the same pharmacological agents 
Discussion
The course of RA varies greatly from a mild, even selflimiting, disease to a severe destructive variant that progresses rapidly [9] . The efficacy of TNF-α blockers is now well established in patients with rheumatoid arthritis (RA) [10] [11] [12] , and these types of drugs are being prescribed more and more frequently. Their use in patients with rheumatic disorders has led to less joint destruction and has greatly improved functional patient prognosis [13, 14] . The requirement for TJA tended to decrease in rheumatoid patients before the use of TNF-α blockers in rheumatology, thanks to strategies of earlier and more intensive management of recent rheumatic disorders [15, 16] . However, the need for TJA remains frequent, particularly due to joint destruction occurring before the introduction of DAS28 disease activity score including 28 joints, SDAI simplified disease activity index, CDAI clinical disease activity index, MHAQ modified health assessment questionnaire, JOA Japanese Orthopaedic Association
The mean RA disease activity score was significantly lower in the more than average than in the below average JOA score group TNF-α blockers or due to failure of medical therapy. In patients with chronic RA, one, or more often, both, hips are involved, and THA has become the gold standard for the treatment of hips destroyed by RA [17, 18] . The hip and knee joints are among the largest joints in the body, and it is possible that inflammation of these joints greatly affects RA disease activity. The inflamed synovium in RA produces many cytokines and chemokines that promote joint cartilage destruction. It might be postulated that synovectomy decreases the amount of inflamed synovium, and the replacement of the degenerative and pathological articular cartilage with other components during THA and TKA may reduce disease activity and restore drug efficacy. However, subsequent pharmacological management still remains necessary in these RA patients for improved control of their RA activity. THA and TKA may possibly have additional effects on RA disease activity. Previously, it was reported that disease activity after THA and TKA, as evaluated by the DAS28, had decreased in patients with RA [19] . Inflamed knee joints greatly affect RA disease activity, and are readily identified because the knee joint is included in the DAS28, SDAI and CDAI assessments. Although inflamed hip joints greatly affect ADL and walking ability, the hip joint was not included in the DAS28, SDAI and CDAI assessments. The clinical results of our study demonstrated a negative correlation between RA disease activity and the hip function score.
The JOA hip score has been widely used in Japan as a method to assess hip joint diseases. The JOA consists of four items (pain, range of motion in the operated hip, walking ability, and ADL). It has been reported to verify the reliability and validity of the JOA hip score [7] . We found clearly that all decreases in disease activity assessment scores were correlated with increases in ADL and walking ability, as identified by JOA hip score parameters. On the other hand, factors that appear to reflect more directly the effect of total joint replacement such as pain and ROM did not show correlation with RA activity scores. And, we found significant correlation between JOA hip score and scores of tender joints, swollen joints, PGA and PhGA in disease activity scores. In addition, we found a negative correlation of MHAQ score as function score of polyarthritic diseases with JOA hip score. In rheumatology, the most widely used self report questionnaires are the health assessment questionnaire (HAQ), and its modified version the MHAQ, which were developed to measure disability in daily activities in patients with rheumatoid arthritis. Furthermore, the HAQ has been shown to predict severe outcomes of rheumatoid arthritis such as hip replacement surgery [9] . Therefore, these results suggest that tight control of RA disease activity using pharmacological agents, including biologics, is still required in patients with RA after THA to decrease disease activity and improve function.
Limitations of this study are that this was a small retrospective design, and a control group was not included. We were also unable to evaluate RA disease activity before and after THA treatment, and were unable to evaluate JOA hip score before and after RA treatment. In future studies, we propose investigating RA disease activity and JOA hip scores prospectively in patients undergoing THA or RA treatment.
In conclusion, we found significant negative correlations between JOA hip scores and all disease activity assessments in RA patients treated with THA. The mean RA disease activity score was significantly lower in the more than average JOA hip score group. Our results suggest the level of RA disease control may have an effect on increasing hip function in RA patients after THA.
